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Metabolomics: Profiling

Separation methods

- Gas chromatography (GC)

* High performance liquid chromatography (HPLC)
 Capillary electrophoresis (CE)

Detection methods

- Mass spectrometry (MS)
* Nuclear magnetic resonance (NMR) spectroscopy
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Proteomics: Discovery

METHODS

* In vivo detection

* In situ localization
* Co-IP

* Protein Chip Arrays
« 2D PAGE

MS/MS ANALYSIS

I

Quality Control
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Isolation of
proteins

Sample PREP

Validation of
RESULTS

Database
search
(MASCOT)
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Genomics
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Turning it all off
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COMMENTARY d { CYTOPLASM

Insight into post-transcriptional gene regulation: stress-responsive
microRNAs and their role in the environmental stress survival of ; gggaw
tolerant animals

Kyle K. Biggar' and Kenneth B. Storey?*

Mature miRNA

ABSTRACT ) : . .
_ Contents lists available at ScienceDirect
Living animals are constantly faced with various envionmental Translationally repressed mRNA

stresses that challenge normal life, including: oxygen limitation, very . ’ . .
low or high temperature, as well as restriction of waterand food. It has . Biochimica et BIDP]'IY‘ICEI Acta ARAPAPPLLIPALAS (S
been well established that in response to these siresses, tolerant b Y 5

organisms regularly respond with a distinct suite of cellular -
modifications that involve transcriptional, translational and post-
translational medification. In recent years, a new mechanism of
rapid and reversible transcriptome regulation, via the action of non-
coding RNA molecules, has emerged into post-transcriptional
regulation and has since been shown to be part of the sunival Differential expression of microRNA species in organs of hibernating ground
response. However, these RNA-based mechanisms by which . . . . - =

tolerant organisms respond to stressed conditions are not well squirrels: A role in translational suppression during torpor

understood. Recent studies have begun to show that non-coding

RNAs control gene expression and translation of mRNA to protein, Pier Jr Morin, Adrian D Kenneth B. StDrE‘}" *

and can also have regulatory influence over major cellular processes.
For example, select microRNAs have been shown to have regulatory
influence over the cell cycle, apoptosis, signal transduction, muscle
atrophy and fatty acid metabolism during periods of envionmental
stress. As we are on the verge of dissecting the roles of non-coding
RMNA in envionmental stress adaptation, this Commentary
summarizes the hallmark alterations in micoRNA expression that
facilitate stress survival.

journal homepage: www.elsevier.com/locate/bbagrm

Mammalian hiberna

are strongly suppressed in a rewe

coding transcripts that bind to mRMNA, could pl

animals enter torpor. Selected miRMA spedies T mi ir- mir-16, m
mir-122a mir-143, mir-146 and mir- i ic wersus hibernating
i d squirn pETIT tles mdecemii 15 using RT-PCR. Lew ir-24 transcripts were significantly
reducedin heart and i imals ere mir-122a levels in the musde. Mir-1 and mir-
21 both increased si 7in ki ing 20- and 13-old, respectively. No changes were
found for the four miRMA spedes analyzed in liver. Protein leve Dicer, an enzyme imvolved in miRNA
p ssngweme aso guantified in heart, kidney and liver. Dicer protein levels increased by in heart



EPIGENETIC MECHANISMS

Master Switch:
CHANGE THE READING of
YOUR DNA

Turn Genes On and OFF:
in response to environment
[Disease, Lifestyle, Drugs,
Interventions]

Writers

e.g., HATs, HMTs
or PRMTs Q

e Transcriptional activation
or repression

e Changes in DNA replication

e Changes in DNA damage

repair

Epigenetic
writer

Erasers
e.g., HDACs
and KDMs

Epigenetic
reader

Nature Reviews | Drug Discovery



Multiplex technology

+ Quantitatively measure multiple analytes in
a single assay

-- i.e. 3-50 protein targets in 1 well

+» Primarily nucleic acid and protein-based

techniques

+» Luminex: crucial type of MULTIPLEX
technology




Applications

+» Covalent attachment of:
Antibodies, Oligonucleotides

+» Capture of proteins, peptides,
coding and non-coding RNAs,
MiRNA targets and more !

+» Create a snapshot of Global
Cellular Functions

Use this ‘snapshot’ to identify
PROTEINS mechanisms of metabolic regulation

\\ (ENZYMES)




MRNA applications

Panomics
Affymetrlx ’ Solutions

Dried Blood Spots

Whole Blood or
PAXgene Blood

FFPE Sections
{  Animal Tissues

Cultured Cells

+ QuantiGene Plex

+» Same technology: Immobilized oligonucleotides
+» Direct measure of mRNA levels

+» Custom-plex can measure 3-80 genes in 1 sample



Transcription Factor ELISA

Procarta® TF Plex Assays: Luminex based

s e Profile the DNA binding activity of
up to 44 different transcription
e 5O factors (TFs) in a single well

labeled cis-element*
probes

Separatio
P TF Plex 40-plex assay: Nuclear Extract from HeLa +/- PMA

Probe only o
Nuclear Extract -PMA g
Nuclear Extract +PMA =
Separate Protein/DNA
complexes from
free probes with the
96 well plate

Luminex Assay

-
-
=
==
=
=3
=

Hybridize the probes with
micropshere beads conju-
gated with complements to
the cis-elements

Analyze the bound
probes with a Luminex
or Bio-Plex suspension
array Instrument.




MIRNA: Multiplex them all

I of Molecular Cell Biology Advance Access publi
045

The emerging roles of microRNAs in the molecular
responses of metabolic rate depression

e K. Biggar and Kenneth B. Storey*

Me!zbul rate d pmslonlsanlmpoﬂ:t urvival strategy for man y animal species a

Ar gonaute

Perfect binding: Imperfect binding:
Degradatio\n T75Iation repression /

MIR Loading
Complex
v’/ﬁéﬁ‘
=

4

Size ~22 nucleotides
Highly conserved across species
Bind to 3’ UTR of mRNAs

Exact repression mechanism(s) yet to
be defined, but seem to include

- Block translation of mRNA
- Help bind mRNA into stress granules
- Target mRNA for degradation



GOLDENROD GALL INSECTS
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Eurosta solidaginis -
the goldenrod gall fly

FREEZE
TOLERANT

Mature 3" instar
larva overwinters

Adult fly




Epiblema scudderiana -
the goldenrod gall moth

FREEZE
AVOIDING

Mature larva
Gall interior overwinters

Adult moth



GOLDENROD GALL INSECTS

Epiblema scudderiana
(Clemens)
(Lepidoptera, Olethreutidae)

Freeze Avoiding
-38°C

0

25%

Antifreeze proteins
Glycerol

SCP

% lce
Water loss
Ice control
Polyols

Eurosta solidaginis
(Fitch)
(Diptera, Tephritidae)

Freeze Tolerant
-8°C

67%

Ice nucleators
Glycerol, Sorbitol
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Winter profiles of cold hardening
In 2 insects

Freeze Avoiding: Epiblema scudderiana

glycerol

. glycogen

Sep Oct Nov Dec Jan Feb Mar Apr

mean daily
temperature

Nﬁ:nn"ng pa"j:,‘"'

FREEZE AVOIDIN

umol/g wet mass

Freeze Tolerant: Eurosta solidaginis

. glycogen

> 400 mM
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FREEZE TOLERANT




EUROSTA HIF-1a

Drosophila HIF-1a called Sima
(HIF-18 = ARNT = Tango)

Eurosta has 62% identity overall

* Dipteran HIF-1a is ~1500 amino acids
vs. mammalian ~830, C. elegans 719,
vs. honeybee and shrimp ~1000

3 unique substitutions in Eurosta bHLH
domain compared with Drosophila &
honeybee



CONTROL REGION OF A TYPICAL
EUKARYOTIC GENE

general
transcription
gene regulatory proteins factors

gene

RNA polymerase II regulatory
proteins
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regulatory spacer DNA promoter ‘
sequence

e ere—,
T RNA transcript |

the gene control region for gene X

 microRNA

e Methylate DNA

 RNA Polymerase [P/deP]

* Histones modified [Me.Ace]
« HDAC / HAT changes




imperfect complimentarity = translational repression
o ORF AAAAAA

Ago-l

mature Dicer
microRNA Cl

pre-microRNA \

Ago-2 (Slicer)@

pri-microRNA

- o R F LT AAAAAA

perfect complimentarity = RNA interference

Cuellar TL, McManus MT. J Endocrinol. 187(3):327-332, 2005.




METHODS OUTLINE

Cold/Freezing
microRNA Signatures
Eurosta, Epiblema

Differentially regulated microRNAs
in Winter Adaptation

Future perspectives




miRNA candidates
identified by microarray
and literature searches

Methods

Total RNA isolation

Homogenizétion
(Polytron)
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etal., 2011)
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Results - microarray

Microarray profiling of E. solidaginis at +5 °C and -15 °C to
identify miRNA candidates
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Comprehensive Physiology. 2013; 3(3): 1283-1308

Molecular Biology of Freezing Tolerance

Kenneth B. Storey’ ! and Janet M. Storey!

ABSTRACT

Winter survival for many kinds of animals involves freeze tolerance, the ability to endure the con-
varsion of about 65% of total body water into extracellular ice and the consequences that freezing
imposes including interruption of vital processes (e.g., heartbeat and breathing), cell shrinkage,
elevated osmoelality, anoxia/fischemia, and potential physical damage from ice. Freeze-tolerant
animals include various terrestrially hibernating amphibians and reptiles, many species of insects,
and numercus other invertebrates inhabiting both terrestrial and intertidal environments. Well-
known strategies of freezing survival include accumulation of low maolecul]

roprotectants (e.g., glycercl), uvse of ice nucleating agenits/proteins for Canadian Journal of ZOO'°9Y~ 2012: 90: 456-475
of ice growth and of antifreeze proteins that inhibit ice recrystallization, ¢
anoxia and dehydration. The present arficle focuses on more recent odvar
of the genes and proteins that support freeze tolerance and the metabolic n REVIEW / SYNTH ESE
involved. Important roles have been identified for aquaporins and transme
move cryoprotectants, heat shock proteins and other chaperones, antic
metabaolic rate depression. Genome and proteome screening has reveals

targets that respond to freezing, in particular implicating cytoskeleton rem: Insect COId hardiness: metabOIic, gene, al‘ld

facet of low temperature and/or cell volume adaptation. Key regulatory m

versible pho.:ph-‘-r}-lclti::ln CDHTFD| Df metub:::lic F'I'II}- mes Elﬂd mi-;:rDFlNA cor prﬂt&in adaptation1

s such as The LE” Lycle AII :::’r thaE Ud"-‘l
much more complete picture of life in the frozen state. © 2013 American

Kenneth B. Storey and Janet M. Storey

Abstract: Winter survival for thousands of species of insects relies on adaptive strategies for cold hardiness. Two basic
mechanisms are widely used (freeze avoidance by deep supercooling and freeze tolerance where insects endure ice formation
in extracellular fluid spaces). whereas additional strate cryoprotective dehydration, vitrification) are also used by some
polar species in extreme environments. This review sses recent research on the biochemical adaptations that support in-
sect cold hardiness. We examine new information about the regulation of cryoprotectant bicsynthesis, mechanisms of meta-
bolic rate depression, role of aquaporins in water and glycerol movement, and cell preservation strategies (chaperones,
antioxidant defenses and metal binding proteins, mitochondrial suppression) for survival over the winter. We also review the

formation coming from the use of genomic and proteomic screening methods that are greatly widening the scope for
discovery of genes and proteins that support winter survival



Cryobiology 65 (2012) 210-214

Conmtents lists available at SciVerse ScienceDirect

Cryobiology

journal home page: www.elsevier.com/locate/yoryo
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Differential expression of microRNA species in a freeze tolerant insect,

Eurosta solidaginis ™

Lynn A. Courteau, Kenneth B. Storey ', Pier Jr. Morin *
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|dentification of differentially requlated microras in cold-hardy insects.
Lyons PJ' Poitras JJ Courteau LA Storey KB Morin P Jr.

+ Author information

Abstract

Freeze tolerance in insects Is associated with cryoprotectant synthesis and strong metabolic suppression. Freeze avoidance, an altemative strategy in
cold-hardy insects, is also characterized by hypometabolism, but possesses signiicant cellular and physiological differences when compared with
freeze tolerance. We hypothesized that microRNAS, non-coding transcripts that bind to mRNA, could play a role in the requlation of energy-expensive
mMRNA translation in insects exposad o low temperatures. Expression levels of microRNA species were evaluated during cold acclimation of freeze
tolerant Eurosta solidaginis and freeze-avoiding Epiblema scudderiana, comparing control (5 degree C) conditions with [arvae given sequential
exposures to - degree C and -15 degree C. MiR-1 levels were significantly elevated in frozen E. solidaginis larvae at -15 degree C, whereas miR-34
levels were unchanged. MIR-1 and miR-34 levels remained stable in E. scuddeniana. These data demonstrate differential microRNA expressionin
frozen versus control insect larvae and highlight contrasting microRNA signatures between freeze tolerant and freeze avoiding species.




microRNA Deep Sequencing

Epiblema scudderiana - freeze avoiding
* 44 differentially expressed miRNAs between control and cold-exposed larvae
e 21 upregulated miRNAs and 23 downregulated miRNAs

* Potential relevance to cold adaptation: elevated miR-1-3p, miR-92b-3p and miR-
133-3p levels and reduced miR-13a-3p and miR-13b-3p

Eurosta solidaginis — freeze tolerant

* Upregulated miRNAs included miR-8-5p, miR-10-5p, miR-31a-5p, miR-34-5p, miR-
281-3p, miR-316-5p, miR-317-3p, miR-988 (upregulated)
 Downregulated miRNAs include miR-281-3p, miR-307a-5p, miR-965-3p

* A signature of cold-modulated miRNAs identified suggesting a subset of miRNAs
for cold adaptation 2> CryomiRs



Cold-modulated miRNAs
in natural models of hypometabolism

Table 1

MiRNAs modulated in response to cold temperatures. Differentially expressed miRNAs in selected models of freeze tolerance and hibernation. Note: Eurosta solidaginis: goldenrod gall fly;
Rana sylvatica: wood frog (now: Lithobates sylvaticus); Littorina littorea: common periwinkle; Myotis lucifugus: little brown bat; Ictidomys tridecemlineatus: thirteen-lined ground squirrel;
Spermophilus parryii: Arctic ground squirrel.

miRNAs Conditions  Species Sample type Sample size Method References

miR-11], miR-34|, miR-71], miR-92c-3pt, miR-276], miR-277-3p|, Freezing E. solidaginis Larvae Microarray Courteau et al., 2012
miR-2841, miR-2543b|, miR-3742|, miR-3791-5pt
miR-1 1 Freezing E. solidaginis Larvae RT-PCR Lyons et al., 2013
miR-16], miR-211 Freezing R. sylvatica Muscle RT-PCR Biggar et al., 2009
miR-161, miR-211 Freezing R. sylvatica Liver RT-PCR Biggar et al., 2009
miR-1a-11, miR-2at, miR-29bt, miR-34at, miR-125bft, Freezing L. littorea Foot muscle RT-PCR Biggar etal,, 2012
miR-133a1
miR-1a-11, miR-29bt, miR-34at Freezing L. littorea Hepatopancreas RT-PCR Biggar etal,, 2012
miR-11, miR-15at, miR-20at, miR-21], miR-23at, miR-29bft, Hibernation M. lucifugus Skeletal muscle RT-PCR Kornfeld et al., 2012
miR-1281, miR-181bt, miR-2061
miR-24| Hibernation I tridecemlineatus Heart RT-PCR Morin et al.,, 2008
miR-1 1, miR-211 Hibernation I tridecemlineatus Kidney RT-PCR Morin et al., 2008
miR-24|, miR-122a| Hibernation I tridecemlineatus Skeletal muscle RT-PCR Morin et al., 2008
miR-11, miR-142-5pt, miR-1441, miR-152|, miR-184/, Hibernation S. parryii Liver Microarray/ Liu etal.,, 2010
miR-320], miR-378 |, miR-4511, miR-486t next-generation
sequencing/qRT-PCR
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Table 1: Mapping statistics of Ion Torrent reads in cold-stressed vs control E. scudderiana larvae.



Figure 2: MiRNA expression in cold-stressed vs. control E. scudderiana larvae. Bars show
log2 fold-change in TMM normalized read counts of small RNAs annotated with known D.
melanogaster miRNA sequences (miRBase.org). Shown are miRNAs with minimum average
read counts of 10 (after TMM normalization) and minimum log2 fold-change of 0.2. (P <
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Figure 4: Length distribution of small RNA reads in control and -15°C-exposed E. solidaginis.
The x-axis represents sequence sizes from 16 to 24 nucleotides. The y-axis indicates the read
counts for each size.




Table 2: MiRNAs that are modulated differently in the freeze-avoiding E. scudderiana and the
freeze-tolerant E. solidaginis via next-generation sequencing.




Figure 1: Length distribution of small RNA reads in control and -15°C-exposed E.
scudderiana. The x-axis represents sequence sizes from 16 to 24 nucleotides. The y-axis
indicates the read counts for each size.
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miR-34-5p  miR-274-5p  miR-275-3p  miR-307a-3p  miR-316-5p

Figure 3: Real-time PCR validation of expression patterns observed for five miRNAs by
next-generation sequencing. Relative expression of miR-34-5p, miR-274-5p, miR-275-3p,
miR-307a-3p and miR-316-5p quantified by qRT-PCR in control and -15°C-exposed E.
scudderiana. Data are normalized transcript levels (mean + SEM, n=4).



CryomiRs:

Table 3: A common signature of upregulated and downregulated miRNAs
observed in cold-treated E. solidaginis and E. scudderiana via next-generation




Discussion and Conclusion




Overview of insect cold hardiness




Short, non-coding, RNAs r RNé
18-23 nucleotides in length

Involved in translational

€D

Pre- mlRNAE

repression
Differentially expressed at o
g Cytoplasm
low temperatures in selected C:ﬁmr /\ ‘ (—\
amphibians and hibernators . -

miRNA* I " duplex
duplex l Unwind l

Asymmetric RISC
assembly

Ribosome

i nnm g gy, [T Target |
__J  mRNA
el RISC  RISC RISC '

Translational repression mRNA cleavage

He and Hannon (2004)



microRNA Summary



Cold-modulated miRNAs
in natural models of hypometabolism

Table 1

MiRNAs modulated in response to cold temperatures. Differentially expressed miRNAs in selected models of freeze tolerance and hibernation. Note: Eurosta solidaginis: goldenrod gall fly;
Rana sylvatica: wood frog (now: Lithobates sylvaticus); Littorina littorea: common periwinkle; Myotis lucifugus: little brown bat; Ictidomys tridecemlineatus: thirteen-lined ground squirrel;
Spermophilus parryii: Arctic ground squirrel.

miRNAs

miR-11}, miR-34|, miR-71|, miR-92¢c-3p?1, miR-276], miR-277-3p|,

miR-2841, miR-2543b|, miR-3742|, miR-3791-5pt

miR-1 1

miR-16], miR-211

miR-161, miR-211

miR-1a-11, miR-2at, miR-29bt, miR-34at, miR-125bf1,
miR-133at

miR-1a-11, miR-29bt, miR-34at

miR-11, miR-15at, miR-20at, miR-21], miR-23at, miR-29bt,
miR-1281, miR-181bt, miR-2061

miR-24|

miR-1 1, miR-211

miR-24 |, miR-122a]

miR-11, miR-142-5pt, miR-1441, miR-152|, miR-184|,
miR-320], miR-378 |, miR-4511, miR-4861

Conditions

Freezing
Hibernation

Hibernation
Hibernation
Hibernation
Hibernation

Species

E. solidaginis

E. solidaginis
R. sylvatica
R. sylvatica
L. littorea

L. littorea
M. lucifugus

1. tridecemlineatus
1. tridecemlineatus
1. tridecemlineatus
S. parryii

Sample type

Larvae

Larvae
Muscle
Liver

Foot muscle

Hepatopancreas
Skeletal muscle

Heart

Kidney

Skeletal muscle
Liver

Sample size

2

Method
Microarray

RT-PCR
RT-PCR
RT-PCR
RT-PCR

RT-PCR
RT-PCR

RT-PCR

RT-PCR

RT-PCR
Microarray/
next-generation

sequencing/qRT-PCR

References

Courteau et al., 2012

Lyons et al., 2013
Biggar etal., 2009
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Conclusion and future
perspectives

4
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*

miR-210, miR-1, miR-284 and miR-34
were amplified and measured for the
first time in a freeze tolerant insect

+» Expression of this miR signature in a
freeze-avoiding insect

+» Characterization of miR targets in our
insect models




